We present long-term photometric observations of the young open cluster IC 348 with a baseline time-scale of 2.4 yr. Our study was conducted with several telescopes from the Young Exoplanet Transit Initiative (YETI) network in the Bessel R band to find periodic variability of young stars. We identified 87 stars in IC 348 to be periodically variable; 33 of them were unreported before. Additionally, we detected 61 periodic non-members of which 41 are new discoveries. Our wide field of view was the key to those numerous newly found variable stars. The distribution of rotation periods in IC 348 has always been of special interest. We investigate it further with our newly detected periods but we cannot find a statistically significant bimodality. We also report the detection of a close eclipsing binary in IC 348 composed of a low-mass stellar component (M 0.09 M ) and a K0 pre-main sequence star (M ≈ 2.7 M ). Furthermore, we discovered three detached binaries among the background stars in our field of view and confirmed the period of a fourth one.
and space-based surveys (e.g. Bordé et al. 2003 and Ricker et al. 2014 ). This work is part of a project within the ground-based Young Exoplanet Transit Initiative (YETI) (Neuhäuser et al. 2011) . We used the data obtained by this survey to search for general periodic variation in the young open cluster IC 348. For an overview on the current state of YETI we refer the reader to the recent work of Garai et al. (2016) .
In this paper we focus on the young (2 Myr, Luhman et al. 2003) , nearby (316 pc, Herbig 1998) , and compact (D ∼ 20 , Luhman et al. 2003) open cluster IC 348. It is an intensely studied region of ongoing star formation. The T-Tauri stars (TTS) found therein by Herbig (1954) played an important role in the exploration of star formation (Herbig 1998) . The theory that TTS are young was strengthened and later confirmed through colour measurements and theoretical evolutionary models with the help of those TTS.
It is well known that IC 348 is younger than 10 Myr but its age and the age-spread are still under debate. Luhman et al. (1998) found an age spread from 0.5 Myr to 10 Myr from the photometric scatter in the colour-magnitude diagram. A similar wide age-spread was assumed in the Orion Nebula Cluster but it was shown by Jeffries et al. (2011) that observational and physical effects give rise to the observed luminosity dispersion. Because of the observed colour spread in IC 348 Bell et al. (2013) argues for an age of 6 Myr for IC 348 while (Luhman et al. 2003 ) adopted a median age of 2 Myr which we use in this work.
The stellar content of IC 348 was researched with the photometric studies by Herbig (1998) and Luhman et al. (1998) . With the help of the proper motion measurements from Scholz et al. (1999) and additional photometric and spectroscopic data Luhman et al. (2003) compiled a membership catalogue of IC 348, including spectral classification for most of its members. This catalogue has recently been extended by Luhman et al. (2016) to include 478 members. The membership criterion was based on proper motion, position on the colour-magnitude diagram, and spectral features and classification.
Using CCD detectors, photometric time-series of different durations and with different fields of view (FoV) , but all in the I band, have been obtained and published. The first time-series of its kind of IC 348 was published by Herbst et al. (2000b) with a baseline time-scale of four months. The FoV was 10.2 × 10.2 and the authors found 19 periodic variable stars near the centre of the cluster. With more data from the same survey, Cohen et al. (2004) were able to detect 28 periodic variables. Finally, with a baseline of seven years, Nordhagen et al. (2006a) found twelve additional periodic stars in the same FoV. An independent study with deeper photometry was published by Littlefair et al. (2005) and found 32 new periodic variables in IC 348. The most extensive study so far has been conducted by Cieza & Baliber (2006) . The authors used a wider FoV (46.2 × 46.2 ) and were able to discover 75 additional periodic variables. Moreover, they combined and analysed all previous studies and counted a total of 106 periodic stars among the members of IC 348 when applying the membership of Luhman et al. (2016) .
The evolution of angular momentum in young stars is a topic of recent research (e.g. Tanveer Karim et al. 2016 ) and the distribution of rotation periods is a stepping stone to its understanding. Since the discovery of a bimodal period distribution for stars with M > 0.25M in the 1 Myr old Orion Nebula Cluster (ONC) by Attridge & Herbst (1992) other open clusters are compared to this young cluster. IC 348 is slightly older and the previous time-series studies came to the conclusion that the period distributions of both clusters look alike. The distribution consists of fast rotators with periods of ∼ 2 d and slow rotators with periods of ∼ 8 d. With more rotational periods for the members of IC 348 we can investigate the distribution in more detail.
In this study, carried out within the YETI network we used an even wider FoV (52.8 × 52.8 ) than any previous studies. With this FoV we can find variabilities in IC 348 and its vicinity. Moreover, we used several telescopes located all over the world to achieve a better phase coverage of our time-series.
The paper starts with an overview of our observations and the data reduction workflow (section 2). Thereafter, we present the results (section 3), starting with variables in IC 348, followed by further results on field stars. In the discussion (section 4) we compare our results with previous studies.
OBSERVATIONS AND DATA REDUCTION

Observations
IC 348 was observed between 2012 August 22 and 2015 January 18 in 125 telescopic nights over three seasons. Observations were carried out by nine telescopes through the YETI network, with a distributed longitudinal coverage (Table 1). The University Observatory Jena alone contributed 88 nights. Details on all observations can be found in Table 2 . To achieve a good phase coverage three week-long YETI campaigns were performed in which IC 348 was observed from the participating observatories on every clear night. Therefore continuous coverage of IC 348 could be achieved at some nights through combined observations. Overall, the distributed observations resulted in a better phase-coverage of the data. In Figure 1 we compare the phase-coverage of YETI data to Jena data alone and the advantage of YETI is clearly visible. For easier interpretation of Figure 1 we show the deviation of the curves in addition to the data. The combined light curves, compiled from all telescopes, have better phase-coverage in the range of 10 d to 25 d (25 percentage points) and for periods of the multiple of one day (up to 35 percentage points). The better phase-coverage for multiple periods of one day reduces the 1 d alias period significantly when searching for periods.
In Jena the open cluster was observed with the 0.6 m Schmidt telescope. We used the Schmidt-Teleskop-Kamera (STK) (Mugrauer & Berthold 2010) with its Bessel R filter and exposed for 50 s. The exposure times at other telescopes differed because of different apertures, smaller FoV, and other detectors. Additional BV I images were acquired on some nights at the University Observatory Jena. Further observations were carried out with the 0.25 m Cassegrain telescope equipped with the Cassegrain-Teleskop-Kamera II (CTK-II) (Mugrauer 2016) at the University Observatory Jena. For those observations we used Bessel V and I filters and exposed for 180 s. Figure 1 . Phase coverage of the data for a single star. The dark grey line includes all YETI observations while the light grey line gives the phase coverage for the observations from the University Observatory Jena. In black the difference of both curves is shown for easier interpretation. The better phase-coverage for periods of the multiple of one day is clearly visible (spikes), as well as the big advantage for periods in the range of 10 d to 25 d. In addition to the Jena telescopes we observed with the pt5m telescope on La Palma (Hardy et al. 2015) , the 1 m Cassegrain at the LOT observatory in Lulin, the 1 m Cassegrain-Coudé in Llano del Hato, the two 0.6 m Cassegrain in Stará Lesná, and the Ritchey-Chrétien telescopes of Saitama University, Swarthmore College, and Tenagra observatory. The locations, diameters, and detectors of all telescopes used can be found in Table 1 .
Most data were gathered with the STK operated at the Jena 0.6 m Schmidt telescope, therefore the stars which were analysed are all in the FoV of this telescope. Additionally, the STK exhibits the widest FoV of all instruments used. Some telescopes obtained images with deeper photometry.
We decided not to use the additional fainter stars from those frames. The sparse coverage of the light curve would not have given insight to the time-scale we are interested in.
The STK is equipped with a 2048 px × 2048 px e2v CCD detector with a FoV of 52.8 × 52.8 (Mugrauer & Berthold 2010) . The centre of IC 348 was positioned slightly off the centre of the detector to north-east to allow simultaneous observations with the CTK-II (centred at α = 3 h 45 m 20 s , δ = +32
• 4 50 ). From this FoV the 1001 brightest stars have been analysed independent of their membership status down to a limiting magnitude of R = (18.7 ± 0.3) mag. Within our sample 137 stars are members of IC 348 according to Luhman et al. (2016) . Further stars are either unidentified members, background or foreground stars.
All other telescopes used for this observations have a smaller FoV. Therefore, they included a tighter area around IC 348 or covered the whole region with various pointings, which implies that not all stars of our selection have been observed by all telescopes.
The FoV of the STK is shown in Figure 2 as a composite image of B, V, and R observations. It is dominated by the bright star Atik (o Per). The open cluster IC 348 lies south of it and is surrounded by a reflection nebula. In this frame we marked our observed stars according to their properties.
Data reduction and photometry
For every night, in addition to the science frames, darks and flats were obtained. Whenever possible we acquired sky flats, otherwise the nightly dome flats were used. Some telescopes included the bias in an overscan region while others produced dedicated bias frames. From those images a standard reduction with dark, bias, and flat field correction was performed with iraf.
For every telescopic pointing the data were extracted separately from the reduced images with aperture photometry followed by differential photometry. For the differential photometry we used an implementation of the algorithm presented by Broeg et al. (2005) , based on the iraf task phot as described in detail in Errmann et al. (2014) . This algorithm calculates an artificial star for comparison from all stars in the FoV, weighted according to the standard deviation of the differential light curves. From this procedure we obtained a light curve for each pointing on each night.
In Figure 3 the mean photometric precision of one night is shown. The winter night of 2014 December 8 is exemplary and represents the normal conditions achieved at the University Observatory Jena. E.g. for a 16 mag star a photometric precision of 0.03 mag is reached.
After combining the data for each telescope, by adjusting the flux level from night to night, we had to collate all observations of each star obtained with different telescopes. For this step we first searched for periodic variations in the light curves from the Jena observations using the algorithms presented in subsection 2.3. Thereafter, we used the periods to produce phase-folded light curves. Because of the tighter sampling in the phase domain the data from other telescopes can easily be incorporated into the light curve. This was done by adjusting the flux of the observations to the flux of the data with similar phases. The very good phase-coverage of the Jena data was mandatory for this method.
With only a few nights of multi-band photometry we decided to anchor our photometry to Trullols & Jordi (1997) . We used the night of 2014 December 8 for the transformation and all magnitudes used in the current work are based on this system.
Algorithms used to find periodic variabilities
The main goal of this work was to find new periodic photometric variables in IC 348 and to confirm and improve ephemerides of already known variable stars in this cluster. Therefore we applied three different algorithms to detect periodicities in the data. All algorithms have in common that they use a grid of fixed periods as their input. We employed the same grid for all algorithms to gain comparable results.
This period grid had a range from P min = 0.04 d (∼ 1 h) to P max = T/3 = 293 d (where T is our observational timebase). We used such a wide range because at least one long-periodic eclipse is known in IC 348 (Nordhagen et al. 2006b ) and more might be discovered. We chose our lower limit to include short-term variability but not stellar pulsations. The upper limit was guided by the decision to include at least three cycles. To save computation time we used an exponentiallyspaced grid with n ∼ 38 000 points. The resolution of the grid is for the lower limit 1 s, for a period of 1 d 20 s and for the upper limit of 293 d 1.6 h.
The first algorithm we used is the widely applied generalized Lomb-Scargle (GLS) periodogram by Zechmeister & Kürster (2009) . From the periodogram we obtained the spectral power density as a measurement of the certainty of the periodic variations. Although the algorithm is fast and convenient for finding periods it has some drawbacks. It favours signals with sinusoidal shape which can lead to incorrect best-fitting values for non-sinusoidal-shaped light curves like transits, occultations or eclipsing binaries.
As a second algorithm the minimal string-length algorithm by Dworetsky (1983) was used. Unlike the GLS a string-length algorithm can find periodic variabilities of all shapes with the same sensitivity. In this algorithm the sum of the distances of succeeding points in the phase-folded representation is measured. Because of lower phase-coverage for long periods this method is biased towards longer periods. To correct this effect a sum of a second-order polynomial and an exponential decay was fitted to the output of the algorithm. From the normalized and detrended results we were able to find the best period.
Our third algorithm was the Gregory-Loredo Bayesian signal detection as presented in Gregory & Loredo (1992) and Gregory (1999) . This method uses different step functions to calculate the likelihood for a given period based on Bayesian statistics. It is unbiased towards shape and sampling of the light curve because the step function can adopt arbitrary shapes. We used the assumption of independent Gaussian errors and directly applied the formulation given by Gregory (1999) .
Each algorithm returned a best period leading to three different values after one run of the algorithms. To find the best period automatically we applied an additional program. Therein we set as an initial selection criterion that two of the three algorithms find the same period within an error range of ten per cent. Afterwards an additional run of the period search was conducted within that ten per cent range of the best period. Now a match within one per cent was required and we used a tighter spacing of the grid. With this criterion we were able to use the maxima of the periodograms independently of their power density and were able to detect variabilities with low signal-to-noise ratio. To exclude false-detection all phase-folded light curves were examined manually and non-periodics were removed.
RESULTS
In this section we first present the results for the member stars of IC 348 and later findings for non-members. The membership is according to Luhman et al. (2016) .
If a star has a commonly used name we use this name to identify it in this section and give other identifiers as a footnote. Otherwise we use our internal numbering. The abbreviations used in this section are as following: LRL refers to Luhman et al. (1998) (and subsequent publications), HMW to Herbst et al. (2000b) , CB to Cieza & Baliber (2006) , and FKM to this work. When no distinct identifier is known we give the 2MASS name but continue using our identifier. diamond, while all other members detected in this image are marked with a (yellow) square. Non-members for which we found a period are marked with a (white) triangle.
Periodic variables in IC 348
With the above mentioned method we were able to identify 87 photometric periodic stars in IC 348. Of those stars 33 have not been reported as periodic before. Including all previous studies (overview of Cieza & Baliber 2006 ) the total number of periodic variables in IC 348 is now 139 out of 478 members. The reasons for non-detections of previously known periodic variables are discussed in subsection 4.1.
Most of the stars are rotating young stars that show spot induced variability, although some periodic variabilities are due to occultations of proto-planetary discs or accretion. The results are summarized in Table A1 and the phasefolded light curves are shown in Figure A1 . In the following paragraphs we will present only some notable variables. 
V695 Persei
V695 Per 1 has one of the largest peak-to-peak amplitudes in our observations with 1.2 mag. The phase-folded light curve ( Figure 4 ) resembles a typical occultation which was explained by Barsunova et al. (2013) as an AA Tauri-like system. The proto-planetary disc follows a Keplerian motion with a period of (7.55 ± 0.08) d. For the third season we observed a change in the light curve. Some data points seem to be outlier to the previously observed shape of the light curve. This is shown in the third panel of Figure 4 . The outliers might be explained with a reconfiguration of the proto-planetary disc or the magnetic field. As a result the disc could be warped in a different way which leads to a change of the phase of the occultation. Alternatively an additional occultation might take place and the two effects overlap. Further monitoring of this star can help to constrain the reasons.
V718 Persei
The unusual photometric periodicity of the star V718 Per 2 was discovered by Cohen et al. (2003) and analysed in depth thereafter (Nordhagen et al. 2006b; Grinin et al. 2008) . It is periodically occulted by a part of its proto-planetary disc. The occultation has a period of (4.7±0.1) yr (Nordhagen et al. 2006b ) while the eclipse lasts for 3.5 yr. In our data, spanning 2.4 yr, we were able to see the decrease of brightness of 0.9 mag ( Figure 5 ). This observation shows that V178 Per is a rather stable system. IC 348 was monitored from Van Vleck Observatory from 1991 (Nordhagen et al. 2006b ): the system was therefore observed in a stable configuration for 24 years now.
A close stellar companion to LRL 47
As well as the modulation of the flux due to starspots with a period of (4.91 ± 0.05) d, the light curve of LRL 47 3 showed an additional feature. In the three observing seasons four short dips were found (see Figure 6 ). All of them show the typical V-shape of a grazing transit.
LRL 47 is known to be active in X-ray (Preibisch et al. 1996; Preibisch & Zinnecker 2001 Stelzer et al. 2012; Flaherty et al. 2014 ) like a lot of young stars are (Neuhäuser 1997) . Lada et al. (2006) found no evidence of a circumstellar disc around it. Dahm (2008) and Currie & Kenyon (2009) later confirmed this result. The non-existence of a a disc is not unusual for stars in IC 348. Lada et al. (2006) found a disc fraction of (50 ± 6) per cent and Cieza et al. (2007) state that discs might disappear as soon as 1 Myr after the stellar formation, building planets within this time. This star might have had a circumstellar disc which has already vanished. In addition to the non-existence of a disc, Duchêne et al. (1999) were able to exclude a stellar companion to this star with a detection limit of 3 mag at 0.5 (i.e. 158 AU).
The transits were observed at Jena, Tenagra, and Lulin observatories. Hence, we have three independent observations, an observational effect can therefore be excluded. These observations show again the power of the YETI network. With only a single telescope we would have missed most of the events. From the University Observatory Jena only the first event was visible and was observed. Unfortunately the V and I band observations carried out with the CTK-II mounted to the second telescope at the University Observatory Jena are not accurate enough to gain additional colour information of the transit.
The properties for the four transits are given in Table 3. The transit mid-points has been obtained with jktebop (Southworth et al. 2004; Etzel 1981; Popper & Etzel 1981) . Also with jktebop we determined a period of (5.123874 ± 0.000063) d from those four transits. This period is close to the rotational period of (4.91±0.05) d but is feasible for a close companion.
According to Luhman et al. (2003) LRL 47 is a K0 ± 2 star. From the isochrones of Siess et al. (2000) we can find for the spectral type K0 a mass of M P = 2.7 M and a radius of R P = 4.14 R at the age of 2 Myr. This age is not necessarily the true age of this star. Luhman et al. (1998) gave an age-spread from 0.5 to 10 Myr for IC 348 which is under debate (see section 1). Therefore the primary's radius can be overestimated by a factor of two. Nevertheless, we continue with the median age of 2 Myr to find an estimation of the companion's properties.
Using jktebop again for fitting the data did not lead to a satisfactory result. The reason for that is the grazing nature of the transit and our lack of additional information on the system. To get an idea of what kind the transiting object is, we assumed a Keplerian orbit and a non-grazing transit. With these assumptions we can calculate lower boundaries for the companion's radius and mass.
First, we calculated the inclination and radius from our supposed values for the primary and the measured parameters of the transit. Thereafter we derived the mass for the companion from the low-mass isochrones of Baraffe et al. (2015) . After an iterative process we concluded on an inclination of i 75.4
• , a radius of R C 0.87 R , and a mass of M C 0.09 M . Here we give no uncertainties because they would strongly underestimate the true errors. As said above those values are only lower (upper) boundaries for the mass and radius (and inclination). Due to the grazing of the transit we cannot be sure about the true radii ratio and therefore the derived values. From those lower boundaries we can conclude that this star might have a close stellar companion which might be near the hydrogen burning limit.
The four light curves show two slightly different shapes ( Figure 6 ). The first two occurrences of the transit have a symmetric V-shape. In contrast, the later two have a steep decrease of flux at the beginning and a slower increase after the minimum. Even though two different shapes are observed we are not looking at a secondary and a primary transit. Except the first transit all have an odd orbital cycle number which rules out the double period. A secondary transit is not visible in the data of phase 0.5. This constrains the mass ratio to
The different shapes of the transit can be explained with active regions and starspots on the stellar surface.
Independent of the mass, this short period means that the companion has a small semi-major axis in the range of 0.08 AU to 0.1 AU. Therefore it is close to the primary and could not have been detected by direct imaging even using adaptive optics on a 4 m class telescope (Duchêne et al. 1999) .
To constrain the mass of the companion candidate radial velocity measurements of the primary with R = 13.5 mag are necessary.
Period distribution
The distribution of the rotation periods has been an interest to all previous time-series studies of IC 348. It has always been compared to the slightly younger ONC for which Herbst et al. (2000a) discovered a bimodal period distribution. The bimodal distribution is present for more massive stars which was defined by Herbst et al. (2000a) as M > 0.25M or SpT earlier than M2 (Cohen et al. 2004) for young stars.
The comparison always gave the impression that the period distribution is similar to the period distribution of the ONC. Hence, it is bimodal with peaks for periods of about Table 3 ) and scaled the same for better comparison. The Tenagra telescope (2 and 3) has observed with a lower sampling than the other two telescopes (Jena/STK panel 1 and Lulin panel 4) therefore the data are sparse. In panel 3 the advantage of the YETI network is visible. The observations from two telescopes are included in this light curve. All information on the transits are listed in Table 3 , including depth, duration, telescope, and time.
IC 348) are the same (Cohen et al. 2004; Littlefair et al. 2005) . Furthermore, Littlefair et al. (2005) used the Hartigan dip test (Hartigan 1985; Hartigan & Hartigan 1985) and found that the bimodality in IC 348 is not statistically significant. Using the r (R Core Team 2015) implementation of the dip test (Maechler 2015) we find that the extended set of rotation periods now available has no statistically significant bimodality.
In addition to the dip test we applied two Gaussian models (Figure 7) to the data. At first we used the mass package in r (Venables & Ripley 2002) to fit an unimodal Gaussian to the data. The second model is a mixture model of two different Gaussians. To find the parameters we applied the mixtools package for r (Benaglia et al. 2009 ). Both models were compared to the empirical cumulative distribution function (eCDF) of the data (Figure 8 ). An F-test yields a p-value of 1.1 · 10 −9 , which is the probability that the null hypothesis is true. In this case the null hypothesis is the unimodal distribution. Including all data from Cieza & Baliber (2006) the F-test yields an even smaller p-value.
We conclude that a bimodal Gaussian distribution fits more likely the data than a unimodal Gaussian distribution. Since the dip test, in contrast, favours the unimodal model the bimodality of the rotation period distribution in IC 348 is still an open issue.
Separating the rotation periods for stars with and without discs using the data from Lada et al. (2006) is also inconclusive. The low numbers of stars with discs shows a peak for the slow rotators ( Figure 9 ) but with only two more stars than in the other bins. Among the stars without an observed disc indicator more fast rotators can be found. Nevertheless, slow rotators are among those stars, too. For the histogram in Figure 9 we used only stars which are in the group of M > 0.25M . Cieza & Baliber (2006) also found no evidence that the slow rotors preferably have discs. Even with the additional periods the statistics are still inconclusive.
For an additional regrouping we used all members with observed periods and an Hα emission from Luhman et al. (2003) . Within this sample we classified all stars with an Hα equivalent width greater than 10Å as classical T-Tauri stars (cTTS) and all other as weak-lined T-Tauri stars (wTTS) (Herbig 1998) 4 . Stars without an Hα equivalent width measurement were excluded from the sample. In Figure 10 show the histogram of all rotation periods separated into the two groups. Due to the small amount of cTTS in our sample we have not applied statistical test to these data. From Figure 10 we can clearly see that wTTS are among slow and fast rotators. The same result was found in a much larger sample from Orion by Tanveer Karim et al. (2016) , too. The of Barrado y Navascués & Martín (2003) would not change our results and we decided to use a single critical value to distinguish between the two groups. few cTTS are distributed over the whole range of periods and we cannot find any difference between the two groups.
UX Orionis type stars in IC 348
V909 Per
5 , V712 Per 6 , and V719 Per 7 have all been classified as UX Orionis-type stars (UXOr) by Barsunova et al. (2015) . Those stars are surrounded by clumpy material in their proto-planetary disc. These clumps occults the star which leads to sudden decrease of the flux with few periodicity. From the visual inspection of the light curves we can confirm their results. For V909 Per we show the full light curve in Figure 11 . In our light curves we were able to identify the same deep sudden drops as Barsunova et al. (2015) . GM Cephei is a similar star which has previously been monitored by YETI (Chen et al. 2012) .
While obtaining BVRI photometry V719 Per was covered by its disc and is therefore the faintest star in our sample R = (18.73 ± 0.33) mag. Additionally, it has a colour of (V − R) = (2.8 ± 0.6) mag and is one of the reddest stars examined. This observation seems to disagree with the properties of UXOr variables which are expected to become bluer when eclipsed. Barsunova et al. (2015) showed that V719 Per appears bluer near the photometric minimum but redder all other times during the eclipse. Our observations were obtained in the first phase of the occultation and therefore the star appeared redder.
Non-member variable stars
Within this data set we found four detached eclipsing binaries which are background stars to IC 348. They have the identifiers 213 (2MASS J03455377+3226418), 777 (CSS J034539.4+314252), 974 (CB 6), and 975 (CB 17). Only 777 is a previously known binary. The stars 975 and 974 were Table 4 . Periods, brightness, and colours of the four non-member eclipsing binaries found in the data. The magnitudes of the stars 974 and 975 are from Scholz et al. (1999) . studied by Cieza & Baliber (2006) , though incorrect periods were stated and the binarity was not mentioned. Therefore, we can conclude that the binarity of this system was unknown before. Of those four stars all but 213 might be W UMa type binaries. The minima of 213 have rather different depths, therefore it might be a different type of detached binary. With our data we found for 777 a period of (0.4882 ± 0.0015) d which is consistent with the value of 0.48825 d given by Drake et al. (2014) . The periods of all four binaries are listed in Table 4 and all four phase-folded light curves are presented Figure 12 .
Among the field stars the star 55 (NSVS J0343111+321746) is a quasi-periodic variable. Woź-niak et al. (2004) found a period of 300 d for this star and classified it as a SR+L AGB star. The period cannot be confirmed because we limited our search range to 293 d. Nevertheless, this star shows clearly a quasi-periodic variability as visible from the light curve in Figure 13 . The classification as a SR+L AGB star can be confirmed. of ONC to be stable up to one year. In this study we can report coherent phases of the stars in IC 348. Overall 48 per cent of the members have a coherent phase over the range of 2.4 yr.
Stability of periods
This behaviour can be seen in Figure A1 where we show the phase-folded light curves of the photometric periodic IC 348 members. All stars which have a season number added to their name have not been observed in a coherent phase over all three seasons. 
Colour-Magnitude-Diagram
In Figure 14 we present the colour-magnitude-diagram (CMD) of the whole FoV as measured from our V and R images. The diagram has not been dereddened and presents the observed colours and magnitudes. In this figure we marked the periodic stars as well as the members of IC 348. The members form a well defined cluster sequence. Some outlier are bluer than expected. Those stars are located close to the bright star Atik (o Per), which may explain the anomalous colour measurements.
In addition to the members on the cluster sequence a lot of photometric periodic stars, which are not members of the cluster, have similar positions in the CMD. Nevertheless most of those stars have sky positions which do not correspond to the position of IC 348 (Figure 2 ). Those stars are reddened by the medium around IC 348 and are background stars. Only two stars on the cluster sequence have a sky position corresponding with IC 348. One of them, LRL 77 (80), has been classified by Luhman et al. (2003) as a foreground star from proper motion. Our period of P = 15.3 d confirms this classification. This period is too long for a typical member of the cluster. The other one star 607 ([PSZ2003] J034450.0+320345, Preibisch et al. 2003 ) is positioned on the souther outskirts of the cluster and we find a period of P = 200 d. In conclusion, none of the non-members near the sky position of the cluster and on the cluster sequence in the CMD is an unidentified member.
DISCUSSION
From the long-term photometry of the young open cluster IC 348 we found various periodic variable stars. For all periods given in Table A1 the systematic error is 1 per cent of the given period. This systematic error arises through the selection process of the best period. In our selection algorithm two periods are consistent if they differ by less than 1 per cent. Therefore, the true period can have an error of up to 1 per cent. For short periods the phase difference of small errors is percentually bigger than for long periods. Therefore, a short period can be determined more accurately. In contrast to this strong confinement from the periodogram rotating stars do not exhibit such a well defined periodicity. Due to the evolution of starspots a measurement error is introduced. This error is hard to estimate because it arises from physical processes in the star, with unknown properties for this particular star. Measuring the period of a differentially rotating star can lead to results differing as much as 10 per cent (s. subsection 4.1). A 1 per cent error is therefore a reasonable estimate even for fast rotating stars.
The periodicity of binary stars can be determined with greater accuracy because the orbital period is not subject to phase changes. If it is possible from the periodograms we give smaller errors for those stars in Table A1 .
Comparison with previous work
In the previous work of Cieza & Baliber (2006) all known periods have been merged into a single data set. From this base we can compare our results with the known periods. The comparison with Cieza & Baliber (2006) shows that our method is reliable. Only six periods found in both works differ strongly. When phase-folding our light curves with the period given by Cieza & Baliber (2006) we cannot see any coherent behaviour in the light curve. The periods given by Cieza & Baliber (2006) might suffer from beating with the sampling rate. A very special case is the star 968 (CB 62, LRL 72) for which the authors gave a period of 1 d which is very likely an alias period, since the observations were carried out in a few nights at one observatory. Our data with a better phase coverage show a periodicity of (44.6 ± 0.5) d.
For all other stars found in both studies the periods match well with the line of equality, or in some cases have a ratio of 1:2 or 2:1 (Figure 15 ). Some periods differ by 0.3 d which can be explained by differentially rotating stars and spot evolution (see Rebull 2001 and Cieza & Baliber 2006) .
For 24 stars for which Cieza & Baliber (2006) gave a period we were not able to find any periodic variability. Given the activity of the young stars this is not a surprising result. Several reasons can lead to a non-detection. On the one hand the star might have shown no periodic behaviour over the course of three years. Some observed stars were periodic only in one out of three seasons and a lot of stars are not periodic at all, which does not mean that no starspots were present. The stars are still very variable, but no periodicity can be detected because of the number or the evolution of the starspots. For the stars which showed no periodic variability Jackson & Jeffries (2012) found in NGC 2516 no qualitative difference to stars which did. Therefore it is not unusual to miss rotational periods published before. For the same reason it was possible to find 25 new rotation periods although IC 348 is well researched. On the other hand the variability due to spots can easily be covered by other nonperiodic behaviours. If the noise in terms of erratic behaviour of the light curve is too strong, even the best algorithms cannot find the underlying period in the light curve. Cieza & Baliber (2006) stated the number of periodic stars in IC 348 to be 143. This included 37 stars not listed as members in Luhman et al. (2003) . With the membership criterion of Cieza & Baliber (2006) (everything in the FoV of their study, including foreground and background objects) the number of stars in IC 348 which have shown some periodicity is around 200.
Further periodic variables in the field of view
The case of LRL 47 shows the importance of the long-term monitoring of young open clusters for finding companions. Although, the periodicity of the observed transit is 5.12 d it was observed only four times over three observing seasons. Other surveys have missed this event before and we were only able to calculate a period because we used observations distributed through YETI at observatories worldwide.
By analysing the whole FoV and not just the members of the cluster we were able to find additional periodic stars, including three unknown contact binaries. This shows there is additional scientific value in analysing all available data, and not just primary targets (in this case the stars associated with the cluster).
CONCLUSIONS
With long-term photometry from different telescopes worldwide we were able to identify 148 periodic variabilities in our FoV centred at IC 348. Because of the long time-scale and the wide FoV 74 of the periods are newly discovered. This includes 33 new periodic variables in IC 348. The total number of periodic stars among the members of IC 348 (counting only the stars of Luhman et al. (2016) ) rises with this study to 139. Discovering new periods in this well studied cluster is possible due to the high variability of the starspots on these young stars. With a time base large enough it should be possible to determine rotational periods for most stars in young clusters. Photometric long-term studies are therefore viable sources of statistically significant data on the rotation of stars.
With the additional periods for the stars in IC 348 we were able to show that a bimodal Gaussian distribution fits the data more likely than a unimodal. Nevertheless, a dip test was inconclusive and we have no statistical evidence that the period distribution of the stars in IC 348 is bimodal. In addition we showed that for the stars of IC 348 the rotation period does not depend on the type of the T-Tauri stars (TTS). Weak-lined and classical TTS can both be found among fast and slow rotators. The same applies to stars with and without an observed disc indicator. Stars without a disc can also be found among the slow rotators.
For LRL 47 we found a close low-mass stellar companion. The companion has been observed in a grazing transit hence our analysis from single-band photometric data is not reliable. For further characterization of this system -including mass determination -radial velocity data are desirable.
Outside the cluster we discovered three previously unknown background detached binaries and were able to confirm the period of a fourth.
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In the appendix we present a table of our results for all periodically variable stars in the FoV and the phase-folded light curves for all periodically variable stars among the IC 348 members.
This paper has been typeset from a T E X/L A T E X file prepared by the author. Table A1 . Here we present all periods (members and non-members) found in our data. ID gives the number used in this paper, Identifier is a name from 2MASS or Preibisch et al. (2003) . CB and LRL are the IDs of Cieza & Baliber (2006) and Luhman et al. (1998) , respectively. Stars with an LRL ID in parenthesis are non-members of IC 348 according to Luhman et al. (2003) , other stars with an LRL ID are members from Luhman et al. (2016) . P states our period with the error ∆P while P CB is the value given by Cieza & Baliber (2006) . Amplitude gives the peak-to-peak amplitude of the periodic light curve in magnitudes. R and (V − R) are in the Bessel system and have been measured from our data. Figure A1 . Phase-folded and binned (200 bins) light curves of all periodically variable IC 348 members. We present the double phase for easier visualization (data points in the phase between 1 and 2 are repeated from phase 0 to 1). For stars without a coherent phase over the full time span of the observations only one season is shown. This is indicated by Sn added to the star number, where n is an integer from 1 to 3 (compare Table 2 ). The spacing is 0.01 mag for minor ticks and 0.1 mag for major ticks on the magnitude axis. Figure A1 -continued
